1. Introduction {#sec1}
===============

The world is in the midst of a global pandemic due to COVID-19, a disease caused by a novel beta corona virus namely Severe Acute Respiratory Syndrome-Coronavirus-2 (SARS-CoV-2) \[[@bib1]\]. The outbreak has engulfed whole world in a period of four months keeping everyone home locked. Knowledge about the natural history of this disease, its pathophysiology and treatment is unfolding day by day but mystery remains as to how this pandemic will eventually fade out. Patients infected with COVID -19 remain asymptomatic in 80% of the cases that become a concern for spreading the disease, symptomatic in 15% and require hospitalization in 5% with high mortality \[[@bib2]\]. Fatality rates are higher in elderly population, patients with various co morbidities like hypertension, diabetes mellitus, cardiovascular disease, chronic lung, renal disease and malignancy \[[@bib3]\].

Diabetes mellitus has been recognised as a risk factor for hospitalization and increased mortality in COVID-19 infection. It was co morbidity in 22% of 32 non-survivors in a study of 52 intensive care patients \[[@bib4]\]. In another study of 173 patients with severe disease, 16.2% had diabetes \[[@bib2]\], and in further study of 140 hospitalised patients, 12% had diabetes \[[@bib5]\]. When comparing intensive care and non-intensive care patients of COVID-19, there was twofold increase in the incidence of diabetes in intensive care patients \[[@bib6]\]. Mortality was about threefold higher in people with diabetes compared with the general mortality of COVID-19 in China \[[@bib6]\]. Diabetes was also a risk factor for severe disease and mortality in the previous SARS, MERS (Middle East respiratory syndrome) corona virus infections and the severe influenza A H1N1 pandemic in 2009 \[[@bib7]\]. Interestingly, we all have fear that diabetics have more COVID 19 infection than non diabetics but reported data by Yang et al. 2020 \[[@bib6]\] did not support basis of this fear.

Many observational studies have linked low vitamin D status to major human diseases, diabetes being one of them. Vitamin D is recognised to have a host of antioxidant and immunomodulatory properties \[[@bib8]\]. In a deadly disease of COVID -19 SARS-CoV-2 infection, vitamin D attracted us to offer a ray of hope in treating diabetic patients with COVID -19 infection, particularly in the presence of its deficiency. Deficiency of vitamin D is global and more so in a country like India due to lack of provision of supplementation in food stuffs \[[@bib9]\].

We reviewed the plausible mechanisms linking vitamin D deficiency to increased susceptibility to severe COVID -19 infection in patients with diabetes.

2. Search methodology {#sec2}
=====================

A literature search was carried out by using the key term 'COVID 19' combined with 'Diabetes', 'Vitamin D', 'Extra skeletal effects', 'immunity', 'infection', 'India' from PubMed (National Library of Medicine, Bethesda, MD and Google Scholar from December 2019 to May 2020. A manual search of the references was also carried out. Articles from several non -- academic sources (i.e news, websites) were also accessed.

3. Diabetes, increased tendency of infection and COVID -19 {#sec3}
==========================================================

Diabetic patients have impaired immune-response to infection both in relation to cytokine profile and changes in immune-responses including T-cell and macrophage activation. Poor glycaemic control impairs several aspects of the immune response to viral infection and also to the potential secondary bacterial infection in the lungs \[[@bib10]\]. Various bacterial, viral, parasitic and mycotic infections with increased severity as compared to non diabetics are common in diabetic patients \[[@bib10]\]. In one of the study \[[@bib11]\], cytokine response was heightened in diabetic foot infection and the cytokine response to infection was linked to vitamin D deficiency particularly below 10 ng/ml. All these perturbations may dispose diabetic patients to have increased release of cytokines ("cytokine storm") in response to infection be it bacterial or viral.

Consistent with the immune and glycaemic response to infection, various studies have shown dysregulated cellular and metabolic profile in Covid-19 infection in diabetics. There is decrease in the peripheral counts of CD4^+^ and CD8^+^ T cells with a concomitant increase in highly proinflammatory Th17 CD4^+^ T cells and various cytokines. Acute phase reactants like serum ferritin, ESR, CRP, IL-6 are much higher in diabetics with Covid-19 infection as compared to patients without diabetes. The "stress response" to infection in the body worsens hyperglycaemia by antagonising the insulin action or by inhibiting insulin secretion by the beta cells \[[@bib12]\]. Such observations support the proposition that the patients with diabetes are susceptible to enhanced inflammatory response, which could lead to rapid deterioration of COVID-19 infection with high mortality \[[@bib13]\].

4. Vitamin D deficiency-- linked to both diabetes and infection {#sec4}
===============================================================

Vitamin D has a host of extra skeletal effects. Studies have shown that vitamin D plays a pivotal role in preserving the function of islet cells. The endocrine pancreas is a recognised vitamin D receptor (VDR) target. It improves both insulin sensitivity and insulin synthesis. Low vitamin D levels have repeatedly been shown to be associated with increased risk of type 2 diabetes mellitus \[[@bib14]\].

Almost all the cells of the immune system express vitamin D receptor (VDR). Cells of monocyte lineage can even produce local vitamin D. Vitamin D has a role in innate immune response to eliminating pathogens. Upon activation of VDR by pathogens, there is activation of several downstream antimicrobial factors like cathelicidin, CD 14, nucleotide oligomerization domain protein 2 (NOD 2) and many other signalling molecules \[[@bib15]\]. VDR is also present in T lymphocytes where it acts as inhibitor of T lymphocyte activation. Vitamin D suppresses T cell mediated inflammation and enhances the effects of anti-inflammatory Treg cells \[[@bib16]\]. Hence 1,25(OH) 2 D has a stimulatory effect on the native immune system (comprising mainly of monocytes/macrophages), whereas it has down regulatory effect on adaptive immune system (comprising mainly dependent of T-helper cells) \[[@bib16]\]. These mechanisms explain how vitamin D deficiency is associated with increased risk of infections. \[[Fig. 1](#fig1){ref-type="fig"} \].Fig. 1**Role of vitamin D on immune regulation:**Vitamin D is converted into 25-hydroxy cholecalciferol in liver and into 1,25 dihydroxy cholecalciferol in kidney and other tissues including dendritic cells (DC). Through paracrine and intracrine action, it regulates dendritic cells and inhibits proliferation of T helper cells (Th1), skewing cytokine production towards T helper 2 (Th2) cells. It has endocrine action on activation of antigen presenting cells like monocytes and on mobility of neutrophils contributing more to its antibacterial activity.Fig. 1

Vitamin D deficiency in diabetes is more prevalent in India and South East Asia. A study reported more common vitamin D deficiency among south Asians with T2DM living in the UK compared with the control group, which consisted of subjects without T2DM (83 vs 70%, p = 0.07, respectively) \[[@bib17]\]. Braun et al. \[[@bib18]\]showed that out of the total 1765 participants, the type 2 diabetes cases (50.2%) had a significantly higher prevalence of Vitamin D deficiency (83.5%) when compared to non-diabetic patients (68%). Bhatt et al. \[[@bib19]\] observed a reduction in blood glucose both in fasting and 2 -- hour post glucose challenge state, and in HbA1c in overweight/obese prediabetic vitamin D deficient Asian Indian women after 78 weeks of vitamin D supplementation.

5. Vitamin D and COVID -19 {#sec5}
==========================

More and more evidences emerged linking vitamin D deficiency to COVID -19 morbidity and mortality. Agyun et al. \[[@bib20]\] in a review opined that COVID-19 infectioninduced multiple organ damage which might be prevented by vitamin D supplementation. Interestingly, Hastie et al. \[[@bib21]\] showed that out of 48,598 UK Biobank participants, 449 had confirmed COVID-19 infection and vitamin D deficiency invariably (OR = 0.99; 95% CI 0.99--0.999; p = 0.013) but they concluded that there was no evidence to support a potential role for 25-OH vitamin D concentration to explain susceptibility to COVID-19 infection either in overall subjects or in various ethnic groups.

A study \[[@bib22]\] had shown that treatment with high dose of vitamin D to the tune of 2,50,000--5,00,000 IU was safe in general in critically ill mechanically ventilated patients and was associated with decreased hospital stay. Till now no randomized controlled trial evaluating the efficacy of vitamin D supplementation in sick COVID-19 patients with diabetes is available. Such study cannot be undertaken for technical reasons in the prevailing scenario. Considering the range of beneficial immune effects ascribed to vitamin D, its proven safety and ease of administration, vitamin D supplementation as an adjuvant therapeutic intervention in COVID-19 critically ill patients could be of paramount clinical and economic significance.

6. Conclusion {#sec6}
=============

Diabetes is one of the most important co morbidities linked to the severity of COVID-19 infection. There is sufficient evidence of a shared pathophysiologic and mechanistic link between diabetes and COVID-19 infection which is more evident in the presence of vitamin D levels below 10 ng/ml. Health care providers need to ensure optimal metabolic control for all diabetic patients infected with COVID-19 virus and ensure adequate level of vitamin D as its supplementation offers a relatively safe, cheap and simple adjuvant therapy in such desperate situation.
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